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1. Atropine is known to diminish bronchomotor tone. In order to investigate the acute effect of atropine on respiration and alveolar gas mixing, a dose of 2.4 mg was given intravenously.
2. Ten normal male volunteers were each studied three times with a nitrogen washout method, once before administration of atropine and then 20 min and 60 min thereafter.
3. After the administration of atropine there was a reduction in tidal volume, a slight increase in frequency of respiration and an increase in series dead space. The tidal mixing volume showed a fall of 25%. In spite of the reduced alveolar dead space the effective mixing volume fell by 29%. Multi-breath alveolar mixing efficiency fell by 3.5%.
4. Multi-breath alveolar mixing efficiency was found to be less with smaller tidal mixing volumes, a fall of 518 ml in the latter causing a reduction of 17.2% in mixing efficiency.
5.
A reduction of 100 ml in tidal volume in normal subjects was associated with a decrease of 6.9% in alveolar mixing efficiency. In the subjects receiving atropine tidal volume reduced by 96 ml, but the observed fall in alveolar mixing efficiency was only 3-5%, This suggests an improvement in alveolar mixing of 3.4% due to the administration of atropine. Despite this small improvement, the mixing efficiency is still only 66%. The residual inefficiency of 34% cannot therefore be explained on the basis of bronchomotor tone.
Introduction
It has been shown by Cumming & Guyatt in the preceding paper 111 that the single breath efficiency of alveolar gas mixing in the lungs of man is about 89%. [4] that the slope of the alveolar plateau is generated within lobes, lending support to this hypothesis. They suggest that a distribution of compliances between small regions of lung could account for this, but to explain the observe4 inefficiency of gas mixing the best ventilated units would have to receive 100 times more fresh gas than the worst ventilated units.
Another possible mechanism might be that the inequality of ventilation within lobes is brought about by bronchomotor tone, varying in both time and place. The hypothesis can be tested by W . Kox el al.
reducing bronchomotor tone with atropine, which should then result in a more equal distribution and more efficient gas mixing. The purpose of this study was to investigate the contribution of bronchomotor tone to the inefficiency of alveolar gas mixing.
Methods
The study was carried out on 10 male nonsmoking volunteers without evident pulmonary disease (Table I ). The subjects were given a full explanation of the purpose and the risks of administration of atropine, and their consent was obtained before the tests were performed. In order to show the acute effect on the large and small airways a relatively high dose of atropine (2.4 mg) was injected intravenously.
The multi-breath nitrogen washout technique described by Cumming I51 and Cumming & Guyatt 111 was used to measure lung volume, dead space and indices of gas mixing. Dead space measurements were made by the polynomial regression method. The symbolic notation and the derivation of the variables are described in the preceding paper [ 1 I. Measurements were made before the administration of atropine, and 20 min and 60 min afterwards. Variability between subjects was expected to be high, so each subject acted as his own control. A paired t-test was used to analyse the differences between pre-atropine and 20 min post-atropine, as well as pre-atropine and 60 min post-atropine. Table 2 shows the results and the significance of the changes 20 min and 60 min after atropine. In particular, mean series dead space increases, and mean alveolar mixing efficiency falls at 20 min returning to initial values after 60 min. Respiratory frequency increased and tidal volume diminished.
Results

Discussion
Atropine is known to inhibit bronchomotor tone. In order to investigate the acute effect of atropine on alveolar gas mixing a dose of 2.4 mg was given intravenously to each volunteer, irrespective of their heights and weights, and this fixed dose might have contributed to the variability of response between subjects. However, all subjects showed the same trends, at either 20 rnin or 60 min post-atropine, or at both times.
Seven subjects had performed the tests on several occasions before this study, so that the observed changes in ventilation were assumed to be the result of administration of atropine and not due to anxiety. The three other subjects were not practised at performing the tests, but their results did not differ significantly from those of the group as a whole.
Atropine produced a change in the pattern of breathing, which consisted of an increase in respiratory rate and a decrease in tidal volume [61. The combined effect of these was a small fall in minute ventilation, from a mean of 8.98 .. ..
I .
.. litres/min to 8.57 litres/min at 20 min postatropine, rising again to 8.82 litres/min at 60 min post-atropine. The increase in series dead space confirms previous observations [61 and was to be expected because of the increase in volume of the conducting airways resulting from the inhibition of bronchomotor tone. If the length of the airways remained the same and the stationary interface between inspired and resident gas remained in the same position, the 13% increase in series dead space would be brought about by an increase in bronchial diameter of 6%. This is a physiologically reasonable value for the effect of atropine.
The fall in tidal volume, coupled with the increase in series dead space, resulted in a 25% fall in the tidal mixing volume. Effective alveolar mixing volume also fell, and if the fall had been in the same proportion, alveolar gas mixing efficiency would have remained constant. However, alveolar mixing volume actually fell by 27.4%, so that there was a fall in alveolar gas mixing efficiency of 3 -5%.
Alveolar gas mixing efficiency is known to vary with tidal mixing volume, and therefore with tidal volume. In order to evaluate this effect we measured alveolar gas mixing efficiency in six of the subjects at two tidal volumes and frequencies, chosen to maintain a constant minute ventilation. The values used were Vt = 550 ml at a frequency of 20 breathdmin and Vt = 1100 ml at a frequency of 10 breathdmin. The subject monitored his own frequency from an audio signal generated by a Digitimer (Devices), and monitored his tidal volume from a CRT display of volume.
Results showed that a decrease in tidal mixing volume of 62% (from 838 ml to 320 ml) produced a decrease in multi-breath alveolar mixing efficiency of 17.2% (from 79.1% to 61.9%). Thus the observed fall of 3.5% could be explained as the algebraic summation of a 3.4% rise in alveolar mixing efficiency due to atropine acting peripherally, and a 6.9% fall due to the reduction in tidal volume. Even if this explanation is correct, the effect of bronchomotor tone on gas mixing is minimal.
The increased cardiac rate might be expected to increase cardiogenic mixing [71 but recent work suggests that the heart beat diminishes series dead space but exerts no measurable effect on alveolar mixing [81.
Thus the hypothesis which was to be tested, that bronchomotor tone plays an important part in the causation of alveolar gas mixing inefficiency, appears to be falsified by these experiments, since the mixing efficiency in atropinized subjects does not approach 100%.
